The hippocampus is one of the most widely studied areas in the brain because of its important functional role in memory processing and learning, its remarkable neuronal cell plasticity, and its involvement in epilepsy, neurodegenerative diseases, and psychiatric disorders. The hippocampus is composed of distinct regions; the dentate gyrus, which comprises mainly granule neurons, and Ammon's horn, which comprises mainly pyramidal neurons, and the two regions are connected by both anatomic and functional circuits. Many different mRNAs and proteins are selectively expressed in the dentate gyrus, and the dentate gyrus is a site of adult neurogenesis; that is, new neurons are continually generated in the adult dentate gyrus. To investigate mRNA and protein expression specific to the dentate gyrus, laser capture microdissection is often used. This method has some limitations, however, such as the need for special apparatuses and complicated handling procedures. In this video-recorded protocol, we demonstrate a dissection technique for removing the dentate gyrus from adult mouse under a stereomicroscope. Dentate gyrus samples prepared using this technique are suitable for any assay, including transcriptomic, proteomic, and cell biology analyses. We confirmed that the dissected tissue is dentate gyrus by conducting real-time PCR of dentate gyrus-specific genes, tryptophan 2,3-dioxygenase (TDO2) and desmoplakin (Dsp), and Ammon's horn enriched genes, Meis-related gene 1b (Mrg1b) and TYRO3 protein tyrosine kinase 3 (Tyro3). The mRNA expressions of TDO2 and Dsp in the dentate gyrus samples were detected at obviously higher levels, whereas Mrg1b and Tyro3 were lower levels, than those in the Ammon's horn samples. To demonstrate the advantage of this method, we performed DNA microarray analysis using samples of whole hippocampus and dentate gyrus. The mRNA expression of TDO2 and Dsp, which are expressed selectively in the dentate gyrus, in the whole hippocampus of alpha-CaMKII+/-mice, exhibited 0.037 and 0.10-fold changes compared to that of wild-type mice, respectively. In the isolated dentate gyrus, however, these expressions exhibited 0.011 and 0.021-fold changes compared to that of wild-type mice, demonstrating that gene expression changes in dentate gyrus can be detected with greater sensitivity. Taken together, this convenient and accurate dissection technique can be reliably used for studies focused on the dentate gyrus.
Quantitative real-time PCR
The dentate gyrus was isolated using the above-mentioned method and the remaining hippocampus was dissected out as the Ammon's horn sample from wild-type mice. Real-time PCR of beta-actin, TDO2, Dsp, Mrg1b and Tyro3 were performed with the dentate gyrus and the Ammon's horn samples as described previously 1 . Primers 5'-CTGGCGAGATCACGATGACG and 5'-AAGCTACGCTGTTGTCTAACC were used for Mrg1b, and GCCTCCAAATTGCCCGTCA and 5'-CCAGCACTGGTACATGAGATCA for Tyro3.
Microarray analysis
Microarray experiments were performed with male wild-type mice and mice heterozygous for the alpha-isoform of calcium/calmodulin-dependent protein kinase II (alpha-CaMKII+/-mice) as described previously 1 . Briefly, RNA isolated from the whole hippocampus or dentate gyrus of wildtype and mutant mice was hybridized with a Mouse Genome 430 2.0 Array (Affymetrix, Santa Clara, CA), and each GeneChip was scanned by an Affymetrix GeneChip Scanner 3000 (GCS3000). GeneChip analysis was performed with Microarray Analysis Suite version 5.0.
Discussion
The dentate gyrus occupies approximately 25% to 30% of the volume of the hippocampal formation 2, 3 . It has a unique cell composition and plays crucial roles in various brain functions. Therefore, techniques to isolate the dentate gyrus are useful for analyzing the events that occur specifically in this region.
Here, we demonstrated a procedure to efficiently dissect the dentate gyrus from adult mouse hippocampus and confirmed the precision of the technique. First, histologic study revealed that the dentate gyrus was separated without contamination by other regions (Figure 1 ), indicating that a pure dentate gyrus sample can be prepared.
Second, we confirmed that the dissected tissue is dentate gyrus by conducting real-time PCR of dentate gyrus-specific genes, TDO2 and Dsp, and Ammon's horn enriched genes, Mrg1b and Tyro3 4 ( Figure 2 ). The mRNA expressions of TDO2 (p=0.000023; n's=4 and 4, respectively)
and Dsp (p=0.0000030; n's=4 and 4, respectively) in the dentate gyrus samples were detected at obviously higher levels, whereas Mrg1b (p=0.000080; n's=4 and 4, respectively) and Tyro3 (p=0.00017; n's=4 and 4, respectively) were lower levels, than those in the Ammon's horn samples. Beta-actin expression levels did not differ in these samples (p=0.11; n's=4 and 4, respectively). Thus, we could check whether or not the dentate gyrus was accurately dissected out by conducting such simple real-time PCR experiments.
Third, to assess the usefulness of this dissection method, we compared the mRNA expression level of whole hippocampus with that of dentate gyrus. Whole hippocampus and dentate gyrus obtained from wild-type (n's=9 and 4, respectively) and alpha-CaMKII+/-mice (n's=18 and 4, respectively) were processed for microarray analysis, and for all genes scored, the fold-change was calculated by dividing the mutant value by the wild-type value. The results indicated that the changes in mRNA expression, especially of dentate gyrus-specific molecules such as Dsp and TDO2, were detected with up to a 5-fold increase in sensitivity in dentate gyrus samples compared to whole hippocampal samples (Table  1) . We previously demonstrated that alpha-CaMKII+/-mice exhibit behaviors related to human psychiatric disorders such as working memory deficits and an exaggerated infradian rhythm 1, 5 . Furthermore, morphologic and electrophysiologic features of the dentate gyrus neurons in mutant mice are strikingly similar to those of immature dentate gyrus neurons in normal rodents, indicating that the neurons in these mutant mice fail to develop to maturity 1 . The immature dentate gyrus and down-regulated expression of Dsp and TDO2 mRNA in alpha-CaMKII+/-mice are consistent with the finding that Dsp and TDO2 can be used as markers of mature granule cells in the dentate gyrus (Ohira et al., unpublished data).
Taken together, this convenient and accurate dissection technique can be reliably used for studies focused on the dentate gyrus. Dentate gyrus tissue obtained using this method is applicable to other types of analyses as well, including proteomic and cell biology analyses. Table 1 . Microarray analysis of whole hippocampus and dentate gyrus. Genes differentially expressed in dentate gyrus and whole hippocampus of alpha-CaMKII+/-mice were determined by calculating the fold-change from that detected in wild-type mice. Data were analyzed for statistical significance using the Student s t test between wild-type and alpha-CaMKII+/-mice. Among the genes whose expression exhibited p<0.05 in the dentate gyrus of alpha-CaMKII+/-mice compared to that of wild-type mice, the top 50 genes are listed. Note that the numbers of samples for dentate gyrus are much less than those for whole hippocampus. AffyID, Affymetrix probe identifier; CKII, alpha-CaMKII+/-mice; WT, wild-type mice. 
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